A bstract. The effect of actinomycin D on the synthesis of the photosynthetic apparatus during illumination of etiolated leaves of Phaseolus vulgaris was studied. The increase of chlorophyll oontent and of the activities of some photosynthetic enzymes (NADPH diaphorase, ferredoxin, NADP+ glyceraldehyde.3.phosphate dehydrogenase) was compared with simultaneous measurements of the level of other enzymes not considered associated with photosynthesis (ornithine transcarbamylase, glucose-6-phosphate dehydrogenase, NAD+ glyceraldehyde-3-phosphate dehydrogenase).
The formation of the photosynthetic apparatus upon exposure of dark-grown plants to light is an interesting example of differentiation triggered and promoted by an environmental factor, in this case light. Mego and Jagendorf (19) have studied the formation and development of chloroplasts in etiolated bean leaves exposed to light, and Marcus (16) has demonstrated that the NADP-specific glyceraldehyde 3-P dehvdrogenase, a photosynthetic enzyme, is formed in etiolated red kidney bean leaves upon irradiation with long wavelength light. It has also been demonstrated that the light-induced formation of chlorophyll and of photosvnthetic enzymes is prevented by protein synthesis inhibitors such as chloramphenicol, puromycin, cycloheximide (3, 10, 17) .
In the case of the light-induced increase of ribulose 1,5-diP carboxvlase which is clearly measurable after 3 min irradiation of maize leaves (3) , the initial rapid induction of the enzyme is unaffected by protein svnthesis inhibitors unless these substances are added a few hr before the illumination of leaves.
On the other hand, it is well established that chloroplasts contain DNA (11, 12, 23) which is transcribed into RNA by the chloroplast itself (11) , and is capable of self-duplication (6 (5, 24, 27 Protein Analysis. The amount of protein was measured in the residue obtained upon treatment of a leaf sample with acetone. The acetone-insoluble residue was suspended in 1 M NaOH, warmed 20 min at 80°and clarified by centrifugation; the alkaliextracted proteins were determined according to Lowry et al. (16) against a standard a bovine serum albumin.
Results
Figure la indicates the patterns of induction of photosynthetic enzymes related to the pattern of chlorophyll induction in regreening bean leaves. The increase of NADPH diaphorase activity is shown to follow the synthesis of chlorophyll, as demonstrated by other authors (9), whereas. as previously reported (20) , another photosynthetic enzyme, ferredoxin, increases rapidly during the first hr of illumination, i.e. during the lag in chlorophyll formation.
Etiolated leaves grow rapidly when exposed to light, and therefore, large changes in practically all structures and the enzymatic activities in all tissues are to be expected. For this reason, any measurement of changes in photosynthetic enzyme activity is relevant in terms of photosynthetic "differentia- tioni" onlv if compared with the simultaneous measurement of enzyme activities clearly not related to photosynthesis. In figure la, the activity of ornithine transcarbamylase, a urea cycle enzyme, is seen to increase abotut 40 % during the 45 hr of illumination.
While all enzymatic activities thus appear to increase during regreening, a differential sensitivity to actinomycin D is exhibited by the 2 classes of enzymes. The application of the drug 2 hr before the leaves are exposed to light strongly inhibits the synthesis of components of the photosynthetic apparatus (fig la, 2a) , but has little effect on ornithine transcarbamylase (fig la) or on glucose 6-P dehydrogenase (fig 2a) , another non-photosynthetic enzyme. Similarly, a comparison of the drug's effect on changes in NAD+-and NADP+-dependent triosephosphate dehydrogenase, shown in figure 3a, indicates a greater actinomycin sensitivity of the photosynthetic activity than of the NAD+-dependent one.
In figures lb, 2b, and 3b, changes in the wet weight and in the protein content per leaf are shown. When the inhibitor is supplied a substantial block These results could be interlpretc(l as evidence of selectivity in inhibition at the level of DNA-directed RNA. synthesis or, alternatively, as evidence of the stability of messenger RNAs specifying some of the non-photosynthetic enzymes, wvhich w,ere already forimied before the applicatioin of the ihliibitor. In order to distinguish betweeni these 2 possibilities. actiniomycin D was supplied after 2(0 lr of illumination, when photosynthetic differentiation and leaf growvth are in progress. The restilts are shown in figure 4a: a strong inhliibitioin of the synthesis of chlorophyll anid of a photosynthietic enzyme (NADPH diaphorase) was obtain'ied starting 8 hr after the application of the aintibiotic. The activity of OTC was also inhibited to somiie extenit. However. and most important, the effect oni OTC disappearsin a few hr, while the block of the sy-nthesis of the chloroplast fla-voprotein aind chlorophyll is nearly absolute and is not released with timiie. Furthermore. the increase in wet weighit anid proteini content per leaf follows the behavior of the photosynthetic (21, 26) .
Oin the other hand many (liffereilt plhotosvlithetic iuitantts of miicroalgae and flowering plants that have been isolated all exhibit a 'Mendelian inheritanlce. These strains include mititants of the chlorophyll anld carotenoid biosynthetic pathways (11) and of photosynthetic electroll transl)ort system (7, 14) . The behavior of stulcI mititants l sniggest thle idlea of a nuclear location of at least the major l)art of the structural genes of tile enzymes involved in the pigment biosynthiesis a-ind in photosynthetic fuliction.
If this concept wvere extended to ferredoxini alnld the chloroplast flavoprotein, our observatioils could hardly be interpreted in ternis of a differential inihibition at the level of the structural genes of phloto-,vnthetic anid non-photosynthletic enzymes, if these were all localized in the nlucleus.
The understanding of the selective inhibition of the synthesis of the photosynthetic apparatus by actinomycin D should logically be sought in some hypothesis based on the concept that chloroplast DNA is the preferred site of action of the inhibitor.
Three hypotheses fulfilling this requirement cani be proposed: A) actinomycin D inhibits the biosvnthesis of some relatively short-lived essential component of plastidial ribosomes specified by plastidial DNA. As a conisequence, protein synthesis in the plastids is inhibited. in spite of the fact that the production of mRNAs in the nucleus is substantially unaffected. or inhibited only temporarily as in the case of the mlRNA for OTC. B) The inhibition of the sy-nthesis of sonie structural protein of the chloroplast. specified by the plastidial DNA, brings as a consequence the lack of formation (or of stability) of the other comlponents of the photosynthetic ap)-paratus. Finally, C) the inhibition by actinomlivcin D of the transcription of plastidial DNA could block the "de-repression" of the nuclear genes involve(l in the biosynthesis of the photosynthetic apparatus. This last hypothesis is based on the concept proposed by Kirk ('11) that chloroplast DNA may serve essentially a regulatory function. It is impossible at this momenit to decide in favor of one or the other of these alternatives.
